A B S T R A C T The cellular uptake of nonphosphorylated mnyo-inositol (MI) and its incorporation into phosphoinositide in the rat epitrochlearis muscle was measured. 
INTRODUCTION
Milo-inositol (MI)' is a naturally occurring cyclic hexitol maintained at a concentration of 40-80 uM in plasma. Tissue levels of nonphosphorylated MI are 4-80 times plasma levels (1) (2) (3) . The mechanism by which intracellular:plasma gradient is maintained has not been clarified but it has been widely assumed that the cellular concentration depends on a mechan-ism of active transport. Active MI transport occurs in kidney slices (4) (5) (6) , kidney particulates (7), and isolated brush border vesicles (8) . This transport is inhibited by glucose, which accounts for the inosituria that occurs in diabetes mellitus (8, 9) . Active transport of MI occurs also in the small intestine (10) . The brain contains the highest known concentration of nonphosphorylated MI of any tissue in the body but its mechanism of concentration remains in dispute. The blood brain barrier prevents free access of plasma MI into brain but Spector and Lorenzo (11) and Spector (12) have clearly demonstrated that both MI and sciyllo-inositol are accumulated within the choroid plexus by a single, specific, energy-requiring transport process that depends on intracellular reduced sulfhydryl bonds. After its concentration in the choroid plexus, MI apparently enters cerebral spinal fluid by simple diffusion. The final concentration in cerebrospinal fluid is five times greater than that of plasma. Brain levels of MI, however, are more than 20 times that of cerebrospinal fluid. Nevertheless, active transport has not been demonstrable with brain slices (11) and isolated brain synaptosomes (13) . The uptake of MI by synaptosomnes was not saturable and was not inhibited by dinitrophenol or ouabain. A reported depletion of peripheral nerve MI in diabetes mellitus has been attributed to inhibition of MI transport without clear evidence that such a process exists (14) .
In this paper, we examine the mechanism of uptake and release of MI by skeletal muscle. Althotugh the I Abbreviation used in this paper: MI, mnqo-inositol. concentration of MI in skeletal muscle is relatively low, only about five times that of plasma, it accounts for -50% of total body MI. For these studies we have selected the rat epitrochlearis muscle because of previous work from this division, which established that its thinness permits rapid access of oxygen and substrates and that the absence of cut fibers makes it appropriate for transport studies. This muscle maintains normal carbohydrate, amino acid, and energy metabolism for at least 4-6 h in incubation (15 Experimental procedures. Rats that weighed 110-120 g were killed by a blow to the back of the head and the epitrochlearis muscle, a strap-like forearn muscle, was carefully dissected bilaterally and removed as described elsewhere (15) . Muscles were individually incubated at 37°C in 0.5 ml of medium in 17 x 100-mm stoppered polystyrene culture tubes in a shaking incubator. Total time elapsing between killing the rat and initiating incubation was < 1 min.
The incubation medium consisted of Krebs-Henseleit buffer modified to contain half the original calcium concentration, and the buffering strength was increased by addition of 5 mM Hepes buffer pH 7.4. The medium contained 5.5 mM glucose except when 22.2 mM was substituted and a variable concentration of MI. In certain experiments the following additives were present in the incubation medium: insulin, 100 mU/ml; 2,4-dinitrophenol, 0.3 mM; ouabain, 2 mM; cyclic AMP, 0.1 mM; and parathyroid hormone, 2.5 ,ug/ml. The media were gassed with 95% 02:5% CO2. After After incubation, the muscles were removed, blotted on filter paper, and rapidly frozen in liquid freon previously cooled in liquid nitrogen. The frozen muscles were added to 1 ml of 0.9 M perchloric acid and homogenized in a Polytron (Brinkmann Instruments, Inc., Westbury, N. Y.) with a PT1OST blade at a setting of 8 for 45 s. The resulting homogenate was centrifuged at 2,500 g for 15 min and 750 ,l of supernate were neutralized with KOH-imidazole KCI buffer (16) and recentrifuged. Recovery of [2-3H]MI added after homogenization and neutralization was 85.6±+4% SE. Results were appropriately corrected for this loss. Rat plasma was deproteinized with perchloric acid and neutralized with KOHimidazole KCl buffer, but the incubation medium was analyzed directly.
Radioactivity of 100-,ul aliquots ofthe deproteinized muscle extract or medium was determined after the addition of Instagel (Packard Instrument Co., Inc., Downers Grove, Ill.). Radioactivity was measured in a Packard Tri-Carb liquid scintillation spectrometer. Automatic external standard ratios were used to correct for quenching. Crossover of 3H and 14C counts at varying automatic external standard ratios was determined in a series of vials containing 100 ,ul of H20 and variable amounts of acetone, which served as the quenching agent.
The (1) except hydrolysis and isolation of MI were not required because all tritium counts were contained in the inositol portion of the lipid inositide (6) . Briefly, the perchloric acid precipitate from the muscle homogenate was washed with 1 ml 0.69 M perchloric acid and recentrifuged. After discarding the supemate, the precipitate was extracted with 4 ml of chloroform/methanol/ HCI (500:500:3) by vortexing vigorously. 800 gl of a solution containing 1 N HCI and 30 mM CaCl2 was then added; this solution was vortexed and allowed to separate. The lower phase was collected and the upper phase reextracted. The two lower phases were combined, dried under N2, resuspended in 200 ,ul chloroform/methanol (1:1), and counted in 10 ml of Instagel.
For measurement of nonlabeled MI, 400-,ul aliquots of the deproteinized muscle extracts were lyophilized to dryness and then heated to 1000C for 1 h under vacuum to remove residual water. The residue was dissolved in 100 ,ul of silylation reagent, prepared by adding one part of a mixture of90% N,Obis(trimethylsilyl)-trifluoroacetamide and 10% trimethylchlorosilane to one part pyridine. Mass spectrometry of MI was performed as described by Sherman et al. (17, 18) , except that a 5-ft glass U tube that contained 3% SE-30 at column temperatures of 2300C with a helium flow rate of 30 on a Finnigan 3,200 spectrometer (Finnigan Corp., Sunnyvale, Calif.) was used. Samples were quantitated by comparison of peak heights produced by silylated inositol standards using ions 305.2 and 318.2.
ATP and phosphocreatine were measured by the method of Lowry and Passonneau (16) .
RESULTS
Because the weight of the epitrochlearis muscle represented only 5% of the incubation medium, there was (Fig. 4) . Cellular Fig. 5 . There was a rapid phase of [2-3H]MI loss, which lasted 10 min, to be followed by a slower continuous loss, which remained linear during the study period of 120 min. At the end of the experiment, 217+40 dpm/mg remained within the muscle cells indicating that 63% ofthe initial radioactivity had been lost from the cells.
The exchange of MI between epitrochlearis muscle and the incubation medium was studied. Epitrochlearis muscle rapidly removed from the rat and immediately frozen had a MI concentration of 0.18±0.1 ,umol/g wet tissue. This is similar to the MI concentra- Ouabain is a potent inhibitor of Na+ linked transport systems. It has been reported to inhibit MI transport in kidney (4), gut (10) , and choroid plexus (11) (13) . This seems unlikely in muscle because of the rapid exchanige of intra-and(l extracellular MII anid the low rate of MI svnthesis from glucose. We suggest that the high cellular conitenit of MII could be related to MI binding withiin the cell. This wouldl provide an explanatioin for the coniceintrationi gra(lient between muscle cells and extracellular fluid, the apparent lack of active transport of MI, and the rapid equilibrium established betweeni extracellular fluidl and muscle cells. The nature of the putative cellular component which binds MII remainis to be idlentifiedl. Kirazov and Lagnado (21) reported that brain tubulini could bind MI. Pickard and Hawthorine (22) 
